Background: Insulin resistance, decreased response of peripheral tissue to normal insulin levels, is known to be related to cardiometabolic diseases. Cardiopulmonary fitness is also considered to be related to these comorbidities. Therefore, we investigated the relationship between insulin resistance and cardiopulmonary fitness by performing a 3-minute step test in a Korean non-diabetes mellitus (DM) population.
INTRODUCTION
Insulin resistance, the decreased response of peripheral tissue to normal insulin levels, is a known underlying cause of type 2 diabetes mellitus (DM), and is also associated with increased risk of co-morbidities including metabolic syndrome and cardiovascular disease. 1) Therefore, it would be useful to find the related factors associated with insulin resistance.
Cardiopulmonary fitness, also called cardiopulmonary endurance or aerobic fitness, is the ability to exercise continuously been validated in many studies. [2] [3] [4] [5] Increased cardiopulmonary fitness is known to reduce the risk of cardio-metabolic diseases. [6] [7] [8] [9] [10] It has been reported that low cardiopulmonary fitness is an independent predictor of all-cause and cardiovascular disease mortality. Cardiopulmonary fitness is considered to affect these co-morbidities by regulating cardiac output and blood pressure. 11) Furthermore, the association between cardiopulmonary fitness and insulin resistance has been reported in adults with DM or healthy young adolescents. 10, [12] [13] [14] Although, the precise role of cardiopulmonary fitness in insulin resistance has not been fully elucidated, increased cardiopulmonary fitness is thought to influence the expression of the glucose transporter and insulin signaling pathway. However, there are no current studies that evaluate the association between insulin resistance and cardiopulmonary fitness in the adult population without a history of DM. Therefore, this study investigated the relationship between insulin resistance and cardiopulmonary fitness by performing a 3-minute step test in non-DM patients of a university hospital in Korea. were also excluded. After exclusion, a total of 118 adults without DM were finally included in this study ( Figure 1 ).
METHODS

Subject
Anthropometric Measurement
Body mass index (BMI) was calculated by dividing weight by square of height (kg/m 2 ). Waist circumference (WC) was measured at the midpoint between the lower border of the rib cage and the iliac crest. Body fat percentage was measured by 
Blood Collection and Biochemical Analysis
Subjects were requested to fast at least 8 hours before the blood test. Venous blood was collected, centrifuged, and the 
Young Men's Christian Association 3-Minutes
Step Test
The standardized 3-minute step test (step height of 30.5 cm) was used to evaluate cardiopulmonary fitness. Before the test, the procedures of the step test were explained and shown to the participants. Prior to the step test, heart rate monitor was attached. After at least 5 minutes resting in a seated position, participants' heart beat was measured using a heart rate monitor before the test. The test began by demonstrating the alternating stepping cadence to the subject: in time with the beat, step one foot up on the bench (1st beat), step up with the second foot (2nd beat), step down with one foot (3rd beat), and step down with the other foot (4th beat.) The subject was allowed to practice the stepping to the metronome cadence, which was set at 96 beats per minute (4 clicks = one step cycle) for a stepping rate of 24 steps per minute. The participants stepped up and down on the platform at the given rate for a total of 3 minutes. The participants immediately stopped on completion of the test and sat down and remained still. Starting within 5 seconds, the tester was to count the subject's heart for one complete minute. 
Statistical Analysis
Normally distributed data was expressed as mean ± SD, and non-normally distributed data was expressed as median and interquartile range. Pearson and Spearman correlation analysis was performed to evaluate relationships between R60 minutes and other metabolic variables. Multiple linear regression analysis was used to identify factors contributing to R60 heart rates. We performed all statistical analyses using the SPSS ver. 18.0 (SPSS Inc., Chicago, IL, USA). Statistical significance was defined as P < 0.05. Table 1 shows the basic characteristics of the 118 subjects.
RESULTS
The mean age of subjects was 37.06 ± 12.52 years. The mean baseline heart rate was 76.82 ± 10.95 beat/min and the mean heart rate after 60 seconds resting (R60 heart rates) was 94.18 ± 15.91 beat/min.
The relationship between R60 heart rate and other clinical parameters is shown in Table 2 . R60 heart rate was correlated with age (r = -0.21, P = 0.02), education (r = 0.17, P = 0.04), BMI (r = 0.23, P = 0.01), WC (r = 0.28, P < 0.01), fasting insulin (r = 0.28, P < 0.01), HOMA-IR (r = 0.25, P < 0.01), low density lipoprotein-cholesterol (r = 0.28, P < 0.01), hs-CRP levels (r = 0.22, P = 0.02), and baseline heart rate (r = 0.56, P < 0.01). Figure   2 shows the relationship between HOMA-IR and R60 heart rates.
HOMA-IR had a positive correlation with R60 heart rates.
The independent association between R60 heart rate and other clinical parameters is shown in Table 3 . After step-wise multiple regression analysis, baseline heart rate (β = 0.79, P < 0.001), HOMA-IR (β = 0.65, P = 0.02), and systolic blood variables for R60 heart rates, explaining a total of 35% of the variance in R60 heart rates.
DISCUSSION
Our cross-sectional study showed an inverse relationship between insulin resistance and cardiopulmonary fitness by analyzing the data of 118 non-DM people. This relationship was significant after adjusting for other covariates.
Our result was consistent with previous studies. Wei et al. 15) found low cardiopulmonary fitness was related to increased risk for impaired fasting glucose and type 2 DM. Similarly, Sawada et al. 16) and Lee et al. 17) also reported an association between cardiopulmonary fitness and DM development. However, previous studies only enrolled adults with a history of DM or impaired fasting glucose. To our knowledge, this is the first study to evaluate the relationship between insulin resistance and cardiopulmonary fitness in an adult population without a history of DM. In conclusion, the high cardiopulmonary fitness represented by post-exercise heart beat was associated with reduced insulin resistance in non-DM people of a university hospital in Korea.
Although it is impossible to determine causality based on this study, our findings collectively suggest that it would be feasible to measure cardiopulmonary fitness by performing a step test on subjects with a high risk of insulin resistance in the clinical setting. Further studies are needed to elucidate the underlying mechanisms in this study.
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